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Efficacy of sealants and bonding 
materials during fixed orthodontic 
treatment to prevent enamel 
demineralization: a systematic 
review and meta‑analysis
R. Kamber1*, H. Meyer‑Lueckel1, D. Kloukos2, C. Tennert1 & R. J. Wierichs1
To analyse clinical studies investigating coating agents such as sealants and other bonding materials 
to prevent the initiation or inhibit the progress of white spot lesions (WSL) during orthodontic 
treatment with fixed appliances. Electronic databases (Pubmed, CENTRAL, EMBASE) were screened 
for studies. No language restrictions were applied. Study selection, data extraction and quality 
assessment were done in duplicate. Primary outcome included assessment of WSL with visual‑tactile 
assessment and/or laser fluorescence measurements. Twenty‑four studies with 1117 patients (age: 
11–40 years) and 12,809 teeth were included. Overall, 34 different sealants or bonding materials 
were analysed. Fourteen studies analysed fluoride and 14 studies non‑fluoride releasing materials. 
Meta‑analysis for visual tactile assessment revealed that sealants significantly decreased the 
initiation of WSL compared to untreated control (RR [95%CI] = 0.70 [0.53; 0.93]; very low level of 
evidence). Materials releasing fluoride did not decrease initiation of WSL compared to those with 
no fluoride release (RR [95%CI] = 0.84 [0.70; 1.01]; very low level of evidence). For laser fluorescence 
measurements no meta‑analysis could be performed. The use of sealants seems to be effective in 
preventing the initiation of post‑orthodontic WSL. Furthermore, there is no evidence supporting 
that fluoride‑releasing sealants or bonding materials are more effective than those without 
fluoride release. No gold standard prevention strategy to prevent WSL during treatment with fixed 
orthodontic appliances has been established yet. However, based on only a limited number of studies 
the use of sealants seems to be effective in preventing the initiation of post‑orthodontic WSL.
Contemporary orthodontic treatment with fixed appliances is known to be effective in resolving teeth crowding 
and levelling the dental arches. However, fixed orthodontic appliances might be associated with adverse effects 
on enamel, due to plaque accumulation and their colonisation by oral microbes. Moreover, due to impaired oral 
hygiene, the risk of carious lesions development is  increased1–3. Due to their whitish, opaque or chalky appear-
ance, caused by mineral loss in  enamel4, these lesions are often termed as white spot lesions (WSL).
WSL develop  quickly5 and are often an aesthetic burden to the patients even years after removal of orthodontic 
 appliances6,7. The prevalence after treatment with fixed orthodontic appliances has been reported to vary between 
11%8 and even 97%9. Furthermore, incidence of WSL among patients treated with fixed appliances has been 
reported between 7%10 and 73%11. Although, this wide range might be explained by the inconsistent definitions 
and settings in the studies and the different WSL  scores4, the incidence of WSL among patients treated with fixed 
appliances is consistently and significantly higher than among patients without any orthodontic  treatment3.
Once the brackets have been removed, WSL may remineralize in case of improved oral hygiene. Application 
of fluoride containing  agents12,13, acidulated phosphate fluoride (APF)14 or casein phosphopeptides-amorphous 
calcium phosphate (CPP-APP) containing pastes can be used to enhance remineralization. However, the aesthetic 
appearance in most cases may remain  impaired15,16. Although micro-invasive treatment options can successfully 
recover the aesthetic appearance by masking these  lesions17,18, various preventive strategies during treatment with 
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fixed appliances have been employed to prevent the initiation of WSL. Patients were instructed to use fluoride-, 
chlorhexidine- or CPP-ACP-containing  products19,20. However, all of these preventive strategies mostly depend 
on the patients’ compliance that may not always be  adequate21. Thus, it is most likely that these strategies fail to 
completely prevent the development of  WSL22.
Another preventive strategy, which does not depend on the patients’ compliance, is the use of coating agents, 
namely sealants or other bonding materials. These are applied by dentists directly  before23,  during24 or  after25 the 
bonding of fixed appliances. They are supposed to build a diffusion barrier or decrease enamel demineralization 
around orthodontic brackets by releasing fluorides. Some of these interventions have been shown to reduce the 
incidence of  WSL23,26,27. Indeed, two systematic reviews revealed that sealants were associated with reduced 
WSL incidence than no  sealant28,29. However, only up to eight studies were included in each systematic review 
although there are more clinical studies that analyse coating agents.
Thus, the aim of this systematic review was to evaluate the efficacy of various (resin-based) coating materials 
to prevent initiation and reduce the progression of WSL during orthodontic treatment with fixed appliances. Null 
hypothesis was that no difference between coating versus no coating, or between coating with versus without 
fluoride release can be observed.
Material and methods
Review design. No study registration is necessary for this review. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) were adopted throughout the process of the present systematic 
 review30. The present review aimed at systematically retrieving and analysing clinical studies investigating seal-
ants and bonding materials used in orthodontic therapy with fixed appliances to prevent initiation or decelerate 
the progression of WSL.
A literature search was performed, and study inclusion followed predefined criteria. The following data were 
extracted: Initiation as well as progression/regression of WSL after the use of.
• sealants (being applied before or after the brackets are inserted) as well as
• bonding materials (being applied while the brackets are inserted)
being assessed by different diagnostic methods (e.g. visual-tactile methods, laser fluorescence measurements, 
etc.). Although analyses indicated that sealants or bonding materials (with/without fluoride release) may be 
capable to reduce the progression of WSL, meta-analyses were planned for agents with similar intervention and 
outcome measures investigated in more than one study.
According to the PICOS (Population, Intervention, Outcome, Study design) scheme, prospective controlled 
randomized clinical trials and non-randomized controlled or studies on human patients assessing the effect of 
any kind of fixed orthodontic appliances on WSL were  included31 (Table 1).
Inclusion and exclusion criteria. The following inclusion criteria were adopted:
• Clinical study on orthodontic treatment with multi-bracketed fixed appliances (no further specification 
regarding e.g. minimum follow-up period, minimum number of participants, etc. were made)
• assessment of different coating materials (sealants and bonding materials)
• assessment of WSL (e.g. visual tactile assessment, laser fluorescence measurement, etc.)
The following exclusion criteria were adopted:
• in vitro studies, animal studies, editorials, reviews
• outcomes not assessing WSL
• ‘single group studies’/clinical studies without any control group
Search strategy. Detailed search strategies were developed and appropriately revised for each database, 
considering the differences in controlled vocabulary and syntax rules by the first author (R.K.). Database 
searches were performed in Pubmed, CENTRAL and Embase without limitations in language or year of pub-
lication. The search strategy for the 3 major databases is shown in Supplementary Table S1. The reference lists 
Table 1.  PICOS schema: Population (P), Intervention (I), Comparison (C), Outcomes (O) and Study Design 
(S).
P—Participants: patients of any age receiving comprehensive orthodontic treatment
I—Intervention: treatment with fixed appliances using a coating material (sealant or bonding) with or without fluoride release
C—Control: teeth with brackets without additional sealing or such treated with a non-fluoride containing material
O—Outcome: development (initiation and progression/regression) of demineralization (WSL), visual-tactile assessment and DIAGNOdent 
assessment
S—Studies: RCTs and non-randomized controlled clinical studies
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of all identified eligible studies and other published systematic reviews were hand-searched in order to identify 
further eligible studies.
Two authors (R.K. and R.J.W.) independently reviewed the titles and abstracts of articles retrieved by the 
use of a defined search strategy (Supplementary Table S1). The reviewers were not blinded to journal names or 
article authors. A detailed sequence of filtering search results to include relevant articles can be found in the 
Supplementary document.
Study selection. Study selection was performed independently and in duplicate by two authors of the 
review (R.K. and R.J.W.), who were not blinded to the identity of the authors of the studies, their institutions, or 
the results of their research. Study selection procedure comprised of title-reading, abstract-reading and full-text-
reading stages. After exclusion of non-eligible studies, the full report of publications considered by either author 
as eligible for inclusion was obtained and assessed independently. Disagreements were resolved by discussion 
and consultation with the third author of the review (C.T.). A record of all decisions on study identification was 
kept.
Data extraction. Two authors (R.K. and R.J.W.) extracted the data by means of predefined structured 
tables. Data extraction was performed independently and in duplicate. For longitudinal studies or clinical trials 
published sequentially in different journals only the most recent report was deemed as eligible for inclusion. 
Unpublished data were not sought from authors or obtained from other sources. For each study, the following 
data were extracted:
• Study type and setting
• Test and control group
• Design of control
• Type of intervention: coating material (i.e. sealants, bonding materials)
• Product name
• Follow-up
• Primary and secondary outcomes
– WSL assessment (visual-tactile and laser fluorescence)
– Oral health indices (e.g. plaque index or gingival bleeding index)
• Number of patients and teeth
– At the beginning
– At the end
For missing information, the corresponding author was contacted by e-mail.
Risk of bias assessment. Two authors (R.K. and R.J.W.) independently evaluated the risk of bias of the 
included studies. Any disagreement between the reviewers was discussed until an agreement was reached and if 
needed, by consulting a third author (C.T.). To assess risk of bias the guidelines by the Cochrane Collaboration 
were used, for non-randomised controlled trials (non-RCT) the ROBINS-I-tool32 and for randomised controlled 
trials (RCT) the Risk of Bias 2.0.  tool33.
Data analysis and grading. The statistical analyses were conducted in Review Manager (RevMan ver-
sion 5.4 software, Cochrane Collaboration, Copenhagen, Denmark, 2014). Statistical significance was defined 
as a p-value ≤ 0.05 (Z test) and heterogeneity was assessed with  I234. Fixed or random-effects meta-analysis was 
performed depending on heterogeneity  (I2 < 35%: fixed-effects;  I2 > 35%: random-effect)35. The number of events 
was considered as the number new diagnosed WSL. To avoid unit-of-analysis errors the guidelines outlined by 
the Cochrane collaboration (chapter 9.3.4.) were  followed36. Therefore, baseline data were compared with data 
of a single time point (mostly longest follow-up period). Forest plots were created to illustrate the meta-analysis. 
Grading of evidence was performed according to the GRADE network levels using Grade Profiler 3.637.
Heterogeneity. Clinical and methodological heterogeneity were assessed by examining the characteristics 
of the studies, the similarity between the types of participants, the interventions, and the outcomes as specified 
in the inclusion criteria for considering studies for this review.
Statistical heterogeneity would have been assessed using a  Chi2 test and the  I2 statistic, where  I2 values over 
50% indicated substantial heterogeneity.
Assessment of reporting bias. In the presence of more than 10 studies in a meta-analysis, the possible 
presence of publication bias was investigated for the primary outcome. Publication bias was assessed by Funnel 
 plots38.
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Sensitivity analysis. We explored whether or not the analysis of studies stratified by (1) risk of bias or (2) 
study design yielded similar or different results. For this (1) studies at high risk of bias or (2) studies using a 
parallel-arm design were eliminated in a second/third analysis.
Results
After removing 697 duplicates, 984 articles were identified by screening the electronic databases. Further four 
studies were identified by other sources (e.g. cross references). Seventy-six articles were assessed for eligibility and 
screened full-text. Overall 52 had to be excluded (Supplementary Table S2) and a total of 24 papers reporting 24 
trials were included (Supplementary Table S3, Fig. 1). Thirteen were RCTs, out of which, where 11 studies used 
the split-mouth design and the other two a parallel-arm  design23,39. Eleven of the included studies were non-
RCTs, out of which 9 studies used the split-mouth design and the other 2 a parallel-arm  design27,40. Eventually, 
1117 patients (age range: 11–40 years) with at least 12,809 teeth being treated were included. Unfortunately, the 
exact number of treated teeth were not reported in 4  studies23,27,41,42. Overall, 34 different coating materials have 
been analysed (Supplementary Table S4). Median (25th/75th percentiles) follow-up time was 12.65 (6/16.9) 
months.
Risk of bias was assessed for all 24 studies; overall risk of bias was low for 4  studies1,21,43,44, moderate for 9 
 studies27,45–51, high for 11  studies23–26,40–42,52–55 and unclear for 1  study39 (Fig. 2).
Initiation and inactivation of WSL were described using visual-tactile assessments (all studies) and addi-
tionally by using laser fluorescence (DIAGNOdent) in six  studies1,21,26,40,42,43. Thirteen studies were randomized 
controlled trials (RCT)1,21,23–26,39,42,43,52–55, and the other 11 were non-randomized controlled  studies27,40,41,44–51. 
Thirteen studies tested bonding materials and 11 studies sealants. Most of the studies (n = 12) investigated ini-
tiation of new WSL, one study analysed the progression/regression of existing  WSL46, and 11 studies analysed 
 both1,21,25,42,43,47,48,50,51,53,55. A detailed summary of included studies can be found in the Supplementary Table S3.
Although WSL were described by using visual-tactile assessment and laser fluorescence (DIAGNOdent), 
meta-analyses were only performed for visual-tactile assessments. Analyses could not be performed for laser 
Figure 1.  Prisma flow diagram.
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fluorescence, since 3 of the 6 studies compared sealant vs. no  sealant21,26,42 and 3 studies compared coating with 
and without fluoride  release1,40,43. Furthermore, for the first comparison (coating vs. no coating) results were 
presented parametrically or non-parametrically not reporting all information required for recalculation. For the 
second comparison (coating with or without fluoride release) results were either presented using  continuous1,43 
or  categorial40,43 results. Continuous results were presented with odds  ratios43 or with means and standard 
 deviations42. Categorial results were presented using different (sub)classifications and in one study values of 
DIAGNOdent and of visual-tactile assessment did not  match43. Using visual-tactile assessment no WSL were 
diagnosed in 506 teeth, but all teeth presented a WSL using laser fluorescence  assessment43. Since not all infor-
mation—being necessary for recalculation—were available in the mentioned studies, a meta-analysis was not 
performed. Furthermore, analysis on oral health indices were not possible, since oral health were described by 
using too many different indices and since in some factors results of oral health indices were only be present for 
baseline evaluation but not for any follow-ups.
Thus, meta-analysis was only performed for visual-tactile assessments. Although WSL were classified in 
accordance to different scores (e.g. Gorelick score, modified Gorelick score, DMFT/DMFS) 19 studies reported 
the presence or absence of WSL. Six of these studies compared the efficacy of coating (with or without flu-
oride release) compared to no  coating23,25,26,41,44,45, 10 studies compared coating with and without fluoride 
 release24,40,43,46,47,49,50,52–54 and 3 studies compared glass ionomer cements with resin  adhesives51,55.
Meta-analysis revealed that the incidence of WSL was significantly lower after the use of a sealant compared 
with no additional use of a sealant (RR [95%CI] = 0.70 [0.53; 0.93]; very low level of evidence) (Fig. 3, Supple-
mentary Table S5) and that coating with fluoride release non-significantly decreased the initiation of WSL com-
pared with coating without fluoride release (RR [95%CI] = 0.84 [0.70; 1.01]; very low level of evidence) (Fig. 4, 
Supplementary Table S5). Furthermore, no significant difference in the incidence of WSL could be observed 
between the usage of a glass ionomer cement and resin adhesives (RR [95%CI] = 0.72 [0.34; 1.54]; very low level 
of evidence) (Fig. 5, Supplementary Table S5).
Adverse events possibly reported to one of the used products were not mentioned in 22 
 studies1,21,23,24,26,27,39,40,42–55 and no (serious) adverse events were observed in 2  studies25,41.
Sensitivity analysis. By excluding studies at high risk of  bias23–26,40–42,52–55 (or studies using a parallel-arm 
group  design27,40) the RR [95%CI] of the comparison with sealing and without additional sealing changed from 
0.70 [0.53; 0.93] to 0.85 [0.66; 1.10] (or to 0.70 [0.53; 0.93]), that of the comparison coating materials with and 
without fluoride release from 0.84 [0.70; 1.01] to 0.83 [0.67; 1.04] (or to 0.82 [0.66; 1.02]) and that of the com-
parison glass ionomer cement with resin adhesives from 0.72 [0.34; 1.54] to 1.02 [0.82; 1.27] (or unchanged) 
(Supplementary Fig. 1–5).
Discussion
The present review investigated the preventive efficacy of different sealants and bonding materials. Twenty-four 
studies reporting on 34 agents were retrieved from the literature with the aim of investigating the prevention of 
the appearance and progression of WSL during treatment with fixed orthodontic appliances. This reflects that 
establishing a gold-standard therapy for prevention of WSL during multi-bracketed treatment is not simple. 
However, several authors observed that oral hygiene remained a strong predictor for the initiation of new or 
the progression of existing  WSL23,39,41,52. Patients with poor hygiene presented a significantly higher risk. Since 
insufficient oral hygiene and prolonged biofilm accumulation is one of the main factors for WSL formation, this 
finding underlines that oral hygiene instructions at the beginning and regular dental check-ups during ortho-
dontic treatment seems to be the first choice in management of orthodontic WSL.
The present meta-analysis revealed that, during orthodontic treatment with fixed appliances, the additional 
use of a sealant significantly decreased the initiation of WSL when compared to its non-use (Odds ratio (OR) 
[95%CI] = 0.57 [0.36; 0.90]). This is in line with previous reviews on the use of pit and fissure  sealants56 and 
proximal sealants or  infiltrates57. At 24 months follow-up the use of occlusal resin sealants significantly reduced 
Figure 2.  Risk of bias of included studies. RCTs: − , low; + , high; ?, unclear. Non-RCTs: − , low; + , high; m, 
moderate.
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the incidence than non-use (OR [95%CI] = 0.12 [0.08; 0.19]). Furthermore, after a mean follow-up of 25 months 
a superior efficacy of sealants (OR [95%CI] = 0.29 [0.18; 0.46]) and infiltration (OR [95%CI] = 0.22 [0.15; 0.33]) 
over non-invasive treatments, including dietary control, biofilm control or control of de- and re-mineralization, 
were observed. Thus, for all three indications dental sealants seem to provide a physical diffusion barrier that 
prevents growth of biofilm at the enamel surface and blocks acid diffusion into the dental hard tissue and, con-
sequently, further mineral loss.
No significant difference could be observed between fluoride-releasing agents and those not releasing fluo-
ride. Interestingly, this could be observed for bonding materials during insertion of brackets, for sealants being 
applied before or after brackets’ bonding as well as for different materials (GIC vs. resin adhesives). This is also 
in line with the results on pit and fissure sealants and restorative  materials58. Fluoride releasing resin-based 
sealants and restorative materials did not provide statistically significant additional benefit compared to the 
non-fluoride counterparts.
However, the most important limitation of this review are the study designs being used in the included 
studies. Twenty studies used a split-mouth design, only 4 studies used a parallel-arm group  design23,27,39,40. The 
split-mouth design can be used to decrease the risk of confounding factors and eliminate individual differences, 
such as the naturally predominate side of patients’ brushing and chewing habits, saliva pH and diet, to detect the 
effect of the coating agents itself and allow each patient to be their own  control40,43. Nonetheless, when using a 
split-mouth design, site- and carry-over effects have to be  considered59. For instance, fluoride being released from 
the fluoride-containing agent may be carried across from one side to another showing a falsely higher preventive 
effect for the non-fluoride  materials60. Both aspects have been addressed in the present meta-analyses: Since 
both meta-analyses (almost solely) included split-mouth studies and since none of the split-mouth studies used 
statistical models being adjusted for split-mouth designs (e.g. no site-effect evaluation) or at least did not describe 
that those models were used evidence of each comparison was downgraded. Furthermore, for the comparison 
coating materials with and without fluoride release only one study used a parallel-arm group design, whereas 
eight studies used a split-mouth design. Thus, a cross-over effect of fluoride to the control teeth via saliva has to 
be considered when interpreting the present results on fluoride-releasing  materials61.
The efficacy of fluoride-releasing coating agents also depends on their integrity or  durability25. Sealants’ 
durability, for example, is most likely negatively influenced due to its inability to resist mechanical abrasion from 
toothbrushing and  mastication49. The durability seems also to be influenced by tooth type, jaw and time since 
 application62. Consequently, several  studies21,23,25,40,41,49 highlighted that a regular re-application of sealants may 
increase their efficacy. However, sealants were reapplied in only one of the included  studies25 and retention rates 
of the sealants were also reported only in one  study49. In this  study49 only 50% of the sealants were still present 
on the tooth surfaces after 3 months. Thus, it still remains unclear if re-application of a fluoride-releasing coating 
agent may increase its efficacy or not.
Visual inspection detecting WSL is a common and frequently employed method, but it has to be reported 
that the included studies implemented slightly different criteria for the visual assessment. This may lead to 
certain performance bias. The most common classifications to assess decalcifications were either a 4-point 
Figure 3.  Meta-analysis for the comparison: sealant vs. no sealant. Visual-tactile assessments were used to 
calculate RR and 95%CI.
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 scale26,40,41,43,45,48–50, a 3-point  scale24,44,46,47 or a 2-point  scale23,39,53. Four of these  studies21,26,40,41 used the modi-
fied scoring system of  Gorelick3. However, most of them used their own scoring  system23,24,43,46–48,52. One study 
even combined the scoring system of 4 different  studies27, indicating that the used visual-tactile scoring systems 
were relatively similar. Nonetheless, although all scores used scales from no visible demineralization to cavita-
tion all scores are somehow  subjective41 and the slight inconsistent definitions in different WSL scores might 
have influenced the present  results4.
The available evidence is additionally limited by the follow-up times. Follow-up times were rather short 
(median: 12.65 months). Seven studies ended within 6 months and only 3 studies reported outcomes for more 
than 24 months. However, all these factors were reflected in risk of bias analysis and evidence grading.
In conclusion, In the frame of the current systematic review, no gold standard prevention strategy of WSL dur-
ing brackets can be established. Based on our meta-analyses the additional use of a sealant significantly decreased 
the initiation of WSL when compared to untreated group. Furthermore, fluoride releasing coating materials do 
Figure 4.  Meta-analysis for the comparison: coating with and without fluoride release. Visual-tactile 
assessments were used to calculate RR and 95%CI.
Figure 5.  Meta-analysis for the comparison: glass ionomer cement vs. resin adhesive. Visual-tactile assessments 
were used to calculate RR und 95% Cl.
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not seem to be more effective than agents without fluoride release. However, results should be interpreted with 
caution, due to the overall low number of clinical trials for each of the agents, the relative high number of studies 
using split-mouth designs and the limiting grade of evidence.
Received: 28 June 2021; Accepted: 28 July 2021
References
 1. Alshammari, F. M. & Sanea, J. A. Efficacy of amorphous calcium phosphate (ACP) containing adhesive in preventing demineraliza-
tion during orthodontic treatment, a triple blinded randomized clinical trial (RCT). J. Contemp. Dent. Pract. 20, 727–731 (2019).
 2. Artun, J. & Brobakken, B. O. Prevalence of carious white spots after orthodontic treatment with multibonded appliances. Eur. J. 
Orthod. 8, 229–234. https:// doi. org/ 10. 1093/ ejo/8. 4. 229 (1986).
 3. Gorelick, L., Geiger, A. M. & Gwinnett, A. J. Incidence of white spot formation after bonding and banding. Am. J. Orthod. 81, 
93–98. https:// doi. org/ 10. 1016/ 0002- 9416(82) 90032-x (1982).
 4. Heymann, G. C. & Grauer, D. A contemporary review of white spot lesions in orthodontics. J. Esthet. Restor. Dent. 25, 85–95. 
https:// doi. org/ 10. 1111/ jerd. 12013 (2013).
 5. Ogaard, B., Rolla, G. & Arends, J. Orthodontic appliances and enamel demineralization. Part 1. Lesion development. Am. J. Orthod. 
Dentofacial. Orthop. 94, 68–73 (1988).
 6. Ogaard, B. Prevalence of white spot lesions in 19-year-olds: A study on untreated and orthodontically treated persons 5 years after 
treatment. Am. J. Orthod. Dentofacial. Orthop. 96, 423–427 (1989).
 7. Zantner, C., Martus, P. & Kielbassa, A. M. Clinical monitoring of the effect of fluorides on long-existing white spot lesions. Acta 
Odontol. Scand. 64, 115–122. https:// doi. org/ 10. 1080/ 00016 35050 04432 97 (2006).
 8. Tufekci, E., Dixon, J. S., Gunsolley, J. C. & Lindauer, S. J. Prevalence of white spot lesions during orthodontic treatment with fixed 
appliances. Angle Orthod. 81, 206–210. https:// doi. org/ 10. 2319/ 051710- 262.1 (2011).
 9. Boersma, J. G., van der Veen, M. H., Lagerweij, M. D., Bokhout, B. & Prahl-Andersen, B. Caries prevalence measured with QLF 
after treatment with fixed orthodontic appliances: influencing factors. Caries Res. 39, 41–47. https:// doi. org/ 10. 1159/ 00008 1655 
(2005).
 10. Shafi, I. Fluoride varnish reduces white spot lesions during orthodontic treatment. Evid. Based Dent. 9, 81. https:// doi. org/ 10. 1038/ 
sj. ebd. 64005 99 (2008).
 11. Richter, A. E., Arruda, A. O., Peters, M. C. & Sohn, W. Incidence of caries lesions among patients treated with comprehensive 
orthodontics. Am. J. Orthod. Dentofacial. Orthop. 139, 657–664. https:// doi. org/ 10. 1016/j. ajodo. 2009. 06. 037 (2011).
 12. Sardana, D. et al. Effectiveness of professional fluorides against enamel white spot lesions during fixed orthodontic treatment: A 
systematic review and meta-analysis. J. Dent. 82, 1–10. https:// doi. org/ 10. 1016/j. jdent. 2018. 12. 006 (2019).
 13. Sardana, D. et al. Effectiveness of self-applied topical fluorides against enamel white spot lesions from multi-bracketed fixed 
orthodontic treatment: a systematic review. Eur. J. Orthod. 41, 661–668. https:// doi. org/ 10. 1093/ ejo/ cjz015 (2019).
 14. Hu, H. et al. Effectiveness of remineralizing agents in the prevention and reversal of orthodontically induced white spot lesions: 
A systematic review and network meta-analysis. Clin. Oral. Investig. 24, 4153–4167. https:// doi. org/ 10. 1007/ s00784- 020- 03610-z 
(2020).
 15. Bailey, D. L. et al. Regression of post-orthodontic lesions by a remineralizing cream. J. Dent. Res. 88, 1148–1153. https:// doi. org/ 
10. 1177/ 00220 34509 347168 (2009).
 16. Willmot, D. R. White lesions after orthodontic treatment: does low fluoride make a difference? J. Orthod. 31, 235–242; discussion 
202, doi:https:// doi. org/ 10. 1179/ 14653 12042 25022 443 (2004).
 17. Kobbe, C., Fritz, U., Wierichs, R. J. & Meyer-Lueckel, H. Evaluation of the value of re-wetting prior to resin infiltration of post-
orthodontic caries lesions. J. Dent. 91, 103243. https:// doi. org/ 10. 1016/j. jdent. 2019. 103243 (2019).
 18. Bourouni, S., Dritsas, K., Kloukos, D. & Wierichs, R. J. Efficacy of resin infiltration to mask post-orthodontic or non-post-
orthodontic white spot lesions or fluorosis—A systematic review and meta-analysis. Clin. Oral. Investig. https:// doi. org/ 10. 1007/ 
s00784- 021- 03931-7 (2021).
 19. Bock, N. C. et al. Changes in white spot lesions following post-orthodontic weekly application of 1.25 per cent fluoride gel over 6 
months-a randomized placebo-controlled clinical trial. Part I: Photographic data evaluation. Eur. J. Orthod. 39, 134–143. https:// 
doi. org/ 10. 1093/ ejo/ cjw060 (2017).
 20. Benson, P. E., Parkin, N., Dyer, F., Millett, D. T. & Germain, P. Fluorides for preventing early tooth decay (demineralised lesions) 
during fixed brace treatment. Cochrane Database System. Rev. https:// doi. org/ 10. 1002/ 14651 858. CD003 809. pub4 (2019).
 21. Kumar Jena, A., Pal Singh, S. & Kumar Utreja, A. Efficacy of resin-modified glass ionomer cement varnish in the prevention of 
white spot lesions during comprehensive orthodontic treatment: A split-mouth study. J. Orthod. 42, 200–207. https:// doi. org/ 10. 
1179/ 14653 13315Y. 00000 00005 (2015).
 22. Robertson, M. A. et al. MI paste plus to prevent demineralization in orthodontic patients: a prospective randomized controlled 
trial. Am. J. Orthod. Dentofacial. Orthop. 140, 660–668. https:// doi. org/ 10. 1016/j. ajodo. 2010. 10. 025 (2011).
 23. Hammad, S. M. & Knosel, M. Efficacy of a new sealant to prevent white spot lesions during fixed orthodontic treatment: A 
12-month, single-center, randomized controlled clinical trial. J. Orofac. Orthop. 77, 439–445. https:// doi. org/ 10. 1007/ s00056- 016- 
0052-2 (2016).
 24. Chung, C. K., Millett, D. T., Creanor, S. L., Gilmour, W. H. & Foye, R. H. Fluoride release and cariostatic ability of a compomer 
and a resin-modified glass ionomer cement used for orthodontic bonding. J. Dent. 26, 533–538. https:// doi. org/ 10. 1016/ s0300- 
5712(98) 00017-7 (1998).
 25. Fornell, A. C., Skold-Larsson, K., Hallgren, A., Bergstrand, F. & Twetman, S. Effect of a hydrophobic tooth coating on gingival 
health, mutans streptococci, and enamel demineralization in adolescents with fixed orthodontic appliances. Acta Odontol. Scand. 
60, 37–41. https:// doi. org/ 10. 1080/ 00016 35027 53471 989 (2002).
 26. Benham, A. W., Campbell, P. M. & Buschang, P. H. Effectiveness of pit and fissure sealants in reducing white spot lesions during 
orthodontic treatment. A pilot study. Angle Orthod. 79, 338–345. https:// doi. org/ 10. 2319/ 022808- 30.1 (2009).
 27. Heinig, N. & Hartmann, A. Efficacy of a sealant: Study on the efficacy of a sealant (Light Bond) in preventing decalcification during 
multibracket therapy. J. Orofac. Orthop. 69, 154–167. https:// doi. org/ 10. 1007/ s00056- 008- 0741-6 (2008).
 28. Tasios, T., Papageorgiou, S. N., Papadopoulos, M. A., Tsapas, A. & Haidich, A. B. Prevention of orthodontic enamel demineraliza-
tion: A systematic review with meta-analyses. Orthod. Craniofac. Res. 22, 225–235. https:// doi. org/ 10. 1111/ ocr. 12322 (2019).
 29. Sardana, D. et al. Prevention of demineralization around orthodontic brackets using sealants: A systematic review and meta-
analysis. Pediatr. Dent. 41, 430–531 (2019).
 30. Moher, D. et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. 
Rev. 4, 1. https:// doi. org/ 10. 1186/ 2046- 4053-4-1 (2015).
 31. Centre for Reviews and Dissemination. Systematic Reviews: CRD’s Guidance for Undertaking Reviews in Health Care. (University 
of York, 2006).
9
Vol.:(0123456789)
Scientific Reports |        (2021) 11:16556  | https://doi.org/10.1038/s41598-021-95888-6
www.nature.com/scientificreports/
 32. Sterne, J. A. et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BMJ 355, i4919. https:// 
doi. org/ 10. 1136/ bmj. i4919 (2016).
 33. Sterne, J. A. C., Heman, M. A., McAleenan, A., Reeves, B. C., & JPT, H. in Cochrane Handbook for Systematic Reviews of Interven-
tionsversion 6.1 (updated September 2020). (eds Higgins JPT et al.) (Cochrane, 2020, 2020).
 34. Higgins, J. P. T. & Thompson, S. G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 21, 1539–1558. https:// doi. org/ 10. 
1002/ sim. 1186 (2002).
 35. Wierichs, R. J., Carvalho, T. S. & Wolf, T. G. Efficacy of a self-assembling peptide to remineralize initial caries lesions—A systematic 
review and meta-analysis. J. Dent. https:// doi. org/ 10. 1016/j. jdent. 2021. 103652 (2021).
 36. Higgins, J. P. T. et al. (Cochrane, 2020, 2020).
 37. Guyatt, G. H. et al. GRADE: An emerging consensus on rating quality of evidence and strength of recommendations. BMJ 336, 
924–926. https:// doi. org/ 10. 1136/ bmj. 39489. 470347. AD (2008).
 38. Egger, M., Davey Smith, G., Schneider, M. & Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 315, 629–634 
(1997).
 39. Zingler, S. et al. A randomized clinical trial comparing the impact of different oral hygiene protocols and sealant applications on 
plaque, gingival, and caries index scores. Eur. J. Orthod. 36, 150–163. https:// doi. org/ 10. 1093/ ejo/ cjt043 (2014).
 40. Comert, S. & Oz, A. A. Clinical effect of a fluoride-releasing and rechargeable primer in reducing white spot lesions during ortho-
dontic treatment. Am. J. Orthod. Dentofacial. Orthop. 157, 67–72. https:// doi. org/ 10. 1016/j. ajodo. 2019. 06. 013 (2020).
 41. O’Reilly, M. T., De Jesus Vinas, J. & Hatch, J. P. Effectiveness of a sealant compared with no sealant in preventing enamel dem-
ineralization in patients with fixed orthodontic appliances: A prospective clinical trial. Am. J. Orthod. Dentofacial. Orthop. 143, 
837–844. https:// doi. org/ 10. 1016/j. ajodo. 2013. 01. 021 (2013).
 42. Bechtold, T. E., Sobiegalla, A., Markovic, M., Berneburg, M. & Goz, G. R. In vivo effectiveness of enamel sealants around ortho-
dontic brackets. J. Orofac. Orthop. 74, 447–457. https:// doi. org/ 10. 1007/ s00056- 013- 0178-4 (2013).
 43. Alabdullah, M. M., Nabawia, A., Ajaj, M. A. & Saltaji, H. Effect of fluoride-releasing resin composite in white spot lesions preven-
tion: A single-centre, split-mouth, randomized controlled trial. Eur. J. Orthod. 39, 634–640. https:// doi. org/ 10. 1093/ ejo/ cjx010 
(2017).
 44. Wenderoth, C. J., Weinstein, M. & Borislow, A. J. Effectiveness of a fluoride-releasing sealant in reducing decalcification during 
orthodontic treatment. Am. J. Orthod. Dentofacial. Orthop. 116, 629–634. https:// doi. org/ 10. 1016/ s0889- 5406(99) 70197-6 (1999).
 45. Banks, P. A. & Richmond, S. Enamel sealants: A clinical evaluation of their value during fixed appliance therapy. Eur. J. Orthod. 
16, 19–25. https:// doi. org/ 10. 1093/ ejo/ 16.1. 19 (1994).
 46. Leizer, C., Weinstein, M., Borislow, A. J. & Braitman, L. E. Efficacy of a filled-resin sealant in preventing decalcification during 
orthodontic treatment. Am. J. Orthod. Dentofacial. Orthop. 137, 796–800. https:// doi. org/ 10. 1016/j. ajodo. 2008. 11. 025 (2010).
 47. Millett, D. T. et al. A comparative clinical trial of a compomer and a resin adhesive for orthodontic bonding. Angle Orthod. 70, 
233–240. https:// doi. org/ 10. 1043/ 0003- 3219(2000) 070% 3c0233: ACCTOA% 3e2.0. CO;2 (2000).
 48. Millett, D. T., Nunn, J. H., Welbury, R. R. & Gordon, P. H. Decalcification in relation to brackets bonded with glass ionomer cement 
or a resin adhesive. Angle Orthod. 69, 65–70. https:// doi. org/ 10. 1043/ 0003- 3219(1999) 069% 3c0065: DIRTBB% 3e2.3. CO;2 (1999).
 49. Tufekci, E., Pennella, D. R., Mitchell, J. C., Best, A. M. & Lindauer, S. J. Efficacy of a fluoride-releasing orthodontic primer in 
reducing demineralization around brackets: An in-vivo study. Am. J. Orthod. Dentofacial. Orthop. 146, 207–214. https:// doi. org/ 
10. 1016/j. ajodo. 2014. 05. 016 (2014).
 50. Turner, P. J. The clinical evaluation of a fluoride-containing orthodontic bonding material. Br. J. Orthod. 20, 307–313. https:// doi. 
org/ 10. 1179/ bjo. 20.4. 307 (1993).
 51. Gaworski, M., Weinstein, M., Borislow, A. J. & Braitman, L. E. Decalcification and bond failure: A comparison of a glass ionomer 
and a composite resin bonding system in vivo. Am. J. Orthod. Dentofacial. Orthop. 116, 518–521. https:// doi. org/ 10. 1016/ s0889- 
5406(99) 70182-4 (1999).
 52. Ghiz, M. A., Ngan, P., Kao, E., Martin, C. & Gunel, E. Effects of sealant and self-etching primer on enamel decalcification. Part II: 
An in-vivo study. Am. J. Orthod. Dentofacial. Orthop. 135, 206–213. https:// doi. org/ 10. 1016/j. ajodo. 2007. 02. 060 (2009).
 53. Trimpeneers, L. M. & Dermaut, L. R. A clinical evaluation of the effectiveness of a fluoride-releasing visible light-activated bonding 
system to reduce demineralization around orthodontic brackets. Am. J. Orthod. Dentofacial. Orthop. 110, 218–222. https:// doi. 
org/ 10. 1016/ s0889- 5406(96) 70112-9 (1996).
 54. Banks, P. A., Burn, A. & O’Brien, K. A clinical evaluation of the effectiveness of including fluoride into an orthodontic bonding 
adhesive. Eur. J. Orthod. 19, 391–395. https:// doi. org/ 10. 1093/ ejo/ 19.4. 391 (1997).
 55. Marcusson, A., Norevall, L. I. & Persson, M. White spot reduction when using glass ionomer cement for bonding in orthodontics: 
A longitudinal and comparative study. Eur. J. Orthod. 19, 233–242. https:// doi. org/ 10. 1093/ ejo/ 19.3. 233 (1997).
 56. Ahovuo-Saloranta, A. et al. Pit and fissure sealants for preventing dental decay in permanent teeth. Cochrane Database System. 
Rev. 7, 1830. https:// doi. org/ 10. 1002/ 14651 858. CD001 830. pub5 (2017).
 57. Krois, J., Göstemeyer, G., Reda, S. & Schwendicke, F. Sealing or infiltrating proximal carious lesions. J. Dent. 74, 15–22. https:// 
doi. org/ 10. 1016/j. jdent. 2018. 04. 026 (2018).
 58. Cury, J. A., de Oliveira, B. H., dos Santos, A. P. & Tenuta, L. M. Are fluoride releasing dental materials clinically effective on caries 
control?. Dent. Mater. Off. Publ. Acad. Dent. Mater. 32, 323–333. https:// doi. org/ 10. 1016/j. dental. 2015. 12. 002 (2016).
 59. Lesaffre, E., Philstrom, B., Needleman, I. & Worthington, H. The design and analysis of split-mouth studies: What statisticians 
and clinicians should know. Stat. Med. 28, 3470–3482. https:// doi. org/ 10. 1002/ sim. 3634 (2009).
 60. Benson, P. E. Fluoride-containing materials and the prevention of demineralization during orthodontic treatment—Which research 
method should we now use?. Semin. Orthodont. 16, 293–301. https:// doi. org/ 10. 1053/j. sodo. 2010. 06. 008 (2016).
 61. Hallgren, A., Oliveby, A. & Twetman, S. Salivary fluoride concentrations in children with glass ionomer cemented orthodontic 
appliances. Caries Res. 24, 239–241. https:// doi. org/ 10. 1159/ 00026 1274 (1990).
 62. Knosel, M., Ellenberger, D., Goldner, Y., Sandoval, P. & Wiechmann, D. In-vivo durability of a fluoride-releasing sealant (OpalSeal) 
for protection against white-spot lesion formation in orthodontic patients. Head Face Med. 11, 11. https:// doi. org/ 10. 1186/ s13005- 
015- 0069-6 (2015).
Author contributions
R.K.: Contributed to conception and design; contributed to acquisition, analysis and interpretation; and drafted 
the manuscript D.K.: Contributed to interpretation; and critically revised the manuscript C.T.: Contributed to 
analysis; critically revised the manuscript H.M.L.: Contributed to conception; and critically revised the manu-
script R.J.W.: Contributed to conception and design; contributed to acquisition, analysis and interpretation; and 
critically revised the manuscript All authors gave their final approval and agree to be accountable for all aspects 
of the work.
Competing interests 
The authors declare no competing interests.
10
Vol:.(1234567890)
Scientific Reports |        (2021) 11:16556  | https://doi.org/10.1038/s41598-021-95888-6
www.nature.com/scientificreports/
Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 95888-6.
Correspondence and requests for materials should be addressed to R.K.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.
© The Author(s) 2021
